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TABLE 18.-Ssaaonal distribution of transpiration. Hohnel'a 1879 
experimenb. 

ASJI .......................................... a3.n 25.0 
Birch ........................................ 19.9 %.G i::: 
Hornbeam orironwood ...................... 
Oak ("Stlel" and '"J!rauben"). ............. 
O & ( " Z ~ " )  ................................ 
Sonice ....................................... 24.1 31.1 29.0 i 16.0 
Fir .......................................... 20.0 27.5 30.8 21.5 
Pioe (Scotch whlle). ........................ m. 0 27.5 23. S 1 Pine(blnckAustrian) ....................... 23.5 24.8 I fii 1 1s.Y 

Averag ............................... 
Atihnel's measured maporation, 1878, per 

.t ....................................... 

B m h  ....................................... 
.................................. 

--I- 
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Evaporation from the soil surface can also be qprosi-  
mately determined. The total water losses are known 
for many areas from a comp2rison of the measured run- 
off and precipitation. 

The lecif-weight ratios used in Tnble 15 are those for the 
larger trees where available. Velues for larger trees were 
used instead of an average of those for large and small 
trees, because determinations of transpiration losses 
from larger trees are those most generally described. 

the leaf-weight ratios, column 9 of Tables 
8 Comparinf and 9, or large and small trees, it will be found that 
the ratios for young trees are generally, though not 
always, considerably the lurger. I n  other words, trees of 
less than 10 years of age have more leaf weight per unit 
of diameter times height than mnture trees. The 
method of calculntion here used, bnsed on leaf-weight 
dnta for mature trees, appnrently leads to too smnll 
values of estimirted transpiration when applied to very 
young trees. No certain method of correcting for this 
tactor is at present available. I n  view of the fact t.hat 
the thickness of the leaf layer in the t,ree crown becomes 
more nearly constant dter the tree has reached a niod- 
erate size and the crown begins to have n core or hollow 
center, it may be fairly presumed that this error is not 
involved except in coniparatively - young - -  tTees. 

dry leaf weight A determination of the rat,io height wns made 
in general for only one large tree of each l&d. Bett.er 
results would no doubt be obtained by averaging e 

large number of trees of the same size. and .spe+s. 
Furthermore, it is desirable that such invest1 ations 

of the same species. 
down many trees and the great amount of labor involvz 
in a leafage detmination, even for a single tree, it is 
to he ho ed that extensive data a10 the lima above 

Forest transpiration is of course limited by available 
water supply derived from precipitation. However, 
this is automatically taken into account in a large meas- 
ure, since the type of forest which will grow on a given 
area and the size attained by the trees is conditioned by 
rainfall and other environmental factors. While a 
transpiration loss of 25 inches or more may occur in a 
full-stocked mature beech forest under favorable condi- 
tions, the existence of such a forest stand is proof positive 
of rainfall suificiently abundant to support it and to 
rovide the corresponding transpiration and other water 

Lsses. In  a n o ~ e r  re 'on with materially lower rainfall 
an equally dense stan LF of beech would not be found. 

The seasonal transpiration losses can be distributed 
throughout the different months by takin the trans ira- 
tion for each month as proportional to % t e ratio o P the 
evaporative capacity for the gives month to the total for 
theseason. The da t ion  between the two as determined 
by Hohnel's experiments is shown for the growing season, 
JuneSe tember, in Table 18. Se arate calcultaions 
should (e made for the growing an $ dormant seasons 
because the ratio of transpiration to evaporation rate 
is higher durin the growin than during the dormant 
forest season. &e months o L y  and October are transi- 
tion periods for which the ratios of transpiration to 
evaporation are about midway between their winter and 
summer values.' 

should he carried out for various sizes or ages o 5 trem 

suggeste I f  may be obtained in the near Y uture. 

In  spite of the necessity of cutti 

8 Other references on thls subject are: 
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The Woodrn&'s Hanr)i%k. U. 8. D.  A .  Pored 8ctoln Bull. $8. Revised 1910. 
Chittenden: Farost conditionsin northern New Hsmpd?, BuU. 66. E .  P. U. 8. D. A.  
Munger The growth and mana anent ol Do l a s h ,  Cir. 176, F. S., IT. 8. D. A .  
Murph; L. S.: The reds m e  h i .  64 U. 9%. d. 
Zon R.: Chestnut iu sou&ernbdaryland B d l .  6s F. 8. U. S. D. A .  
WAsep s.: western yellow pine B ~ I O I  F. k., U. A. D. A .  
Zon Raihacl: Balsamfir Pmf. P&er56, P.b., 0.9. D . d .  
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NOTES ON THE 1922 FREEZE IN SOUTHERN CALIFORNIA. 
By FLOYD D. Yonno, Meteorologist. 

It is safe to say that a winter never asses without the 

sections of southern Califomla. During many winters, 
however, the temperature in these distr1ct.s does not fall 
low enough to damage citrus fruits. In  other winters 
the damage is slight and is confined to sanill areas in the 
colder localitoies. In mild winters the light frosts are 
looked upon by the fruit growers a5 beneficial, serving 
to improve the color and flavor of the navel orange. 

At intervals of about 10 ears, on the average, general 

dollars. These "freezes" partake more of the nature 
of a cold wave than a frost; in fact, the freeze is a com- 
bination of cold wave and frost. A wave of low tem- 
peratures advances southward from the Canadian border, 
on the southern and southwestern borders of a well- 
developed high-pressure area. A strong, cold northerly 
wind prevents the normal rise in temperature during 

occurrence of frost somewlye in t TI e citrus-growing 

heav freezes have visited t Tl e citrus districts, damaging 
the 9 ruit and trees to the extent of many millions of 

the day. When this wind dies out in the evening, the 
temperature falls yith startling rapidity, owning .to $e 
low humidity which prevails in southern CaMoma 
under these conditions of pressure distribution. 

Strong temperature inversions develo on hillsides &nd 
slopes in the citrus districts on calm, gost nights, but 

side and valley floor are usually sl~ght. "he most im- 
ortant factor in limiting or preventing damage during a 

freeze is the occurrence of a steady wind which con- 
tinues to blow throughout the ni ht. 

Temperatures low enough to %amage seriously. citrus 
fruits over a considerable area in southern Caldornia 
occurred in 1913, 1918, and 1922. Freezes occuured in 
1913 and 1922, and a serious frost occurred in 1918. 
In 1913 and 1922 orchards on the higher ound suf€ered 

or ti0 damage. Some remltrkab e differences between 

during a freeze differences in temperature t etween hill- 

as much damage, in eneral, as those on t eif e l o w . y p d ,  

P while in 1018 orchar % s on the slo es escaped mt llttle 



582 MONTHLY WEATHER REVIEW. NOVEMBER, 1923 

36 ....................... 
3; ....................... 
38 ....................... 
XI ....................... 
40 ....................... 
41 ....................... 

minimum temperatures at  the bases and on the slopes 
of hills were recorded during the severe frosts of 1918. 
On one of the colder nights of this season, a minimum 
tem erature of 21' F. was recorded at  tlie base of a hill. 
whi P e the minimum tern erature at  a point 225 feet above. 
on the slope, was 49' $. On the coldest night in 1932 
the diff ere.nce in lnininium temperature between the 
same two stations was 9' F., the minimum at the btwe 
being 18' F. and thttt at the 225-foot station 37' F. 
These two stations were about one-lialf mile apart in a 
straight line. 

THE 1922 FREEZE. 

As tl enerd rule, the growth of citrus trees is checlwi 

dormant condition during t.lie wint,er. While in tJ& 
condition they are quite resistant t,n cbold. November snil 
December, 1921, and the first h:& January, 1932, w r e  
unusually free even froni light frosts. Mild, rainy 
weather prevailed during t,liis period, nncl orange riricl 
lemon trees put on. much iiew an11 succulent wo\.;tli, 
making them cspecial!y susccptibla t.o damage ?)y I( ,\-. 
temperature. No serious, widcs mzid dnmage Ly l t j \ + -  

the memory of t,lie fruit growers, 2nd this, toget.lier with 
the exceptional mildness of the season up to t,liat, t,inie. 
had thrown them off their guard. Many growers with 
full orchard-heating eyuipnien t were unprepared for t.he 
cold that! followed. 

On the morning of January 18, 1932, a large ~ I I G J I ,  
over the estzenie nort,hwest, was showing iiicrc:iscil 
intensity, and wits pushing sout~li~vard in the wiike of :L 
well-developed LOW, centrd over Arizona and New 
Mexico. !I eniperatures were fallin rupidl 7 over Re.sh- 

Ct%fornia. The evening weat.her niup of the lStli 
showed n areat fall in te1:iperature over nort$elm C ' d i -  
fornia, wit1 telnperittwes ~ielow freezing ut 5 p. 111. in 
the upper Sacramento Vdley. On the niorning of the 
lSth, the ILTCH had increased in intensity 11111-1 
moved farther south, causing 24-hour teni crrsture fdls 
of from 6 to 1s' F. in northern c'ltlifornia, tin$ 23 t.o 2-1.' F. 
iii Nevadti. A t  5 a. ni. Pecific tinie t,he teniperat.ure v;m 
33' F. or lower t,liroughout northern California, inc:lutling 
t.he coast stations. At t,he same time the tem>erat.ure 

Nev. The evening weather niap of the sanie (Me 
showed t,he positions pf t,he HIGH and LOW practicitlly 
unchanged since inwning, imd clurrent temperatures but 
lit.& lower t,hm on the revious night,. 

in size and pushed southwttrcl, and on t.he morning of the 
20th the LOW had filled up and disnppcared. 'l'lus night, 
was the beginning of the freeze in southern Cldifornin, 
which continued in sonie locnlities for five consecutive 
nights. 

in the f 3 1 by cool weather, and tlie trees remttin in a semi- 

temperature had occurred later t H an Janutiry 15 witliin 

in ton, Oregon, and Nevadtt, nncl i f  ncl f d  en slight.ly in 

was - 14' F. et Winneniucca, rtnd -8' F. at 2 onoph, 

During t,he night of t. K e lOt,l-3Ot.h, t.he HIGH incrcw.;otl 

LOCAL ASPECTS OF THE FREEZE. 

In the great d l e y  of southern California. (see i-lg. 1) 
the sky was overcast on January 19! with a disagreeably 
cool northenst.erly wind. A t  t,lie 4 :-IO p. in. ohservatim 
at Poiiionn the temperature of the dew point was 13' E". 
A t  that time the westhcr was clear at  Los Aiigeles, 30 
miles to the westwn.rd, and a litt,le later the sky clewecl 
at Redlande, about 30 miles enst! of Pomonn, but cloutli- 
ness cont.inuec1 a t  Pomonn until about 6 3 0  p. ni. 
Throughout the great valley t,he t.emperature fell rapidly 
as soon as the skv clenred. Because of t,he low dew mint, 
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In probably 90 per cent of t.he winter frosts in southern 
California t.he evening dew point is above 25' F. On 
such nights there is H. rapid temperature fall in the em1 
erening. unt.il t.lir. dew point is reached, after whic 
there is n s10;v fnll, or a stationary temperature for an 
hour or Imger. For this renson fruit growers who could 
not be renolied with R warning, ltnommg nothing of the 
low dew point!, felt no concern o-rer the rapidly falling 
t.eniprrn.tnre. Many growers who had very complete 
frost4 hting e( uipinent lost their crops through failure to 
be in K ; /  ring ear v cnough in the evening on January 19. 

hiroughnut the period of the freeze there was a rather 
s h n g  l>nromet,ric pressure gradient! from north to south. 
This wzi.s es . eciitlly true of the night of the 19th-2Oth, 
which was t. 1 e colclest. night of the freeze in the sections 
iinniediately south of the San Gabriel Mountains. On 
t.lic suinniit of Mount Wilson, elevation 5,850 feet, the 
nveritge wind velocity during the period from 7 m. 
on the 19t.li to 7 a. ni. on t.he 2ot.li n-us 33 miles per [bur. 
In valleys csteritling north and sout,li t,his wind was 
unobsi i*iwted, and continued to blow all ni lit, practi- 
d l y  witliout ccssiit ion, preventing t.lie deve 7 opnient of 
tcnipersturc inversions, and m:ijiita.ining the tempera- 
ture at ::. point liicrl-i enough to prevent serious damage. 

The Snii Gtibriey Mountaiils, mliich estend in an east- 
west direction on :.lie north side of the Snn Gabriel 
\':illcg, a u t d  as a veq7 effective winclbreak, and in the 
nortliern h n l f  of this valley only light, shifting breezes 
were felt, with long intervcds of rncticall corn lete 
calm. This produced an almost ized con ( 9 r  ition or a 
mpid temperrtture fall and unusuiilly low t,emperatures. 
Miniinurn t,eiii eratures ns low as 1s' F. were registered 
in staiiclarcl kentlier ~ u r e a u  inst.rument s1ielt.er.e in 
orange groves in the Snn Chbriel Vdley on t.liis night.. 
Figure 1 sliows t.he location of temperature stittinnu by 
i~unil>ers slid Table 1 shows minimum tempertitures at  
d l  stations in oporntion, for the two coldest, nig1it.R of the 
freeze. 
T:IHI.L 1 . - - - - M i i i i i i ? i i t t b  letnpcrutrircu i.n sotrthenb Cali$jrniu UD. nights 

of Jnituary 19-90 and 20-21, 1BdP. 
(Lwstions of stations Yhowu lu fie. 1.) 

K 

1.. .......................I 

3 . .  ....................... : 
4 1 ......................... 
2 .........................I 
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Slation number. : --  
I 1n-m 
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OF. 

g 
21 
1.5 
32 
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9 ......................... i P'i 
10.. ...................... ~ 1s 
11 ......................... 22 
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I:.. ......................, 
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19 ......................... ' 2: 
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21 ........................ 31 
".._. ...................... 3 1  
21 ......................... 24 
2. ........................ 2;  
2. ........................ 21 
26 ........................ 2s .; ........................ 2 )  
28.. ...................... 21 
29. ....................... 2s 

15.. ...................... i E 
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O F .  
29 
25 u 
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2.3 
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31 
24 
21 
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1s 
34 
31 
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24 
24 
2.3 
21 
25 
?R 
3:: 
24 
24 
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21 
24 
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20-21 

OF. 
24 
34 
21 
27 
24 
25 
28 az 
31 
20 
23 
23 
19 
23 n 
26 
31 
10 
13 
22 
23 n 
23 
20 
23 
23 
23 
25 
13 

- _- 
I There stations located near the summlt of the mountain ranges on the north side of 

the valley. _ _  
NOTE.-.%t stations Iocatd in the line of the strong surface wind as Indicated by the 

arrowqin Figure 1. the tomperarure Biictu3ted up and down 311 night. and the duration 
or the mlnimnrn temperature was very short in some casrs 0711 2 or 3 minutes. At 
other stations the fall in temperature was siesdy all night. wit% duration below the 
danger point fnr c i t m  fruit.; of 14 to 15 hours in extreme cases. 

rapid ";.as not checked InidiightJ 
when the tern erature had rer,clied 21 ', and blieii only 
because of ligit, P intermittent puffs of wind. 



M. W. R., Novemb (To face p. 582.) 



M. W. R., November, 1923. (To face p. 

FIG. 6.-General view of an unprotected grove with damaged trees. 

FIG. . .-& rozen orange dump, near Ontario, Calif., June 17,1922. 
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Farther east, Cajon Pass allowed the wind to flow 
through from the Mojaye Desert, preventing serious 
damage in the citrus districts to the southward. Ample 
proof that the wind was instrumental in preven:,ing 
damage in the favored localit,ies on this niFht, is founcl in  
the rapid fluctuations in teinperst,ure which are shoivn 
on thermogra h records. During momentary lulls in 

ling rapidity, only t.0 rise again when t,he wind again 
freshened. The north Mind which poured t.hrou 11 C'ition 

slightly in an easterly and westerly direction from t.inie 
to time. 

Femiliarit with the general pressure condit.ions, 
together wit1 inforniation early in the evening that, t,he 
wind was rapidly subsiding in t,he northern foot hill 
sections of the Snn Gabriel Vn!!vy, made it possible to 
forecast a direct reversal of the uuual temperature con- 
ditions on frosty nights in that district. A warning was 
sent out that the temperature would fall earlier m d  
more rapidly on the higher ground ad'oining tlie foot- 
hills than on the floor of the valley. !!his wnrning \\-as 
fully verified. 

On the nights of the freeze subsequent to that of the 
19th-20th the wind velocity was not suc,h an import.nnt 
factor general1 . However, there was enough wind on 

revent great damage, and the winds throu h C'iljon 
their 

effect.s on the temperature in tlie districts lying to the 
south and west,. 
As mi ht be espected in a district wit,h such hrcr!ien 

top0gra.p % y, there was a great variation in the aIllclijl1t 
of damage to fruit in difl'erent orchn.rds, often within 
short dist,ances. lkiiich of this variation wns due to rliffcr- 
ences m elevation, but in some tiistrict.s wind p h y d  a 
more important part than to ogrnphy in regulnting !he 
temperature during the colcf night.s. In  general, dis- 
trict,s without, obst.ructions for serwal miles t.o t.ho north- 
ward which would bretik t,lie force of the wind e s m j d  
with coniparatively 1it.t.le damage. On the ot,her iinud, 
in at. least one disbrict alnioet wit,hin view of t,he Pncifi!c 
Ocean, but sheltered on t*he north and east b high hills, 

trunks of bending lemon trees. (Fig. 2.) 

the velocity o P the wind bhe temperature fell wit-li stnrt- 

Pass was confined to a rat.1ie.r narrow belt, whic E shilted 

all night.s in t % e valleys extending north and south t.o 

Fass were strong enough on all nights t.0 slow P 

temperatures were low enough t.o split, the Q lark on ihe 

DAMAGE CAUSED BY 1922 FREEZE. 

Damage to fruit, throughout the citrus sections was 
enormous in the aggregate. In  hundreds of groves the 
entire crop was lost.. T.inusually high prices were rereiverl 
for the ninrketa.ble portion of t.he crop, so that the total 
returns did not correct.1y indicate the amount of dnrn.rige. 
California Fruit. Growers' Eschmge officials stmate t.li:Lt 
53 per cent of a. norms1 crop of ortmges brought 9!) per 
cent of t:he average returns. Tlic gross returns for the 
1921 citrus cro f. o. b. California were $83,537,344. The 

of better quality, prior t,o the freeze. Including friiit 
market,ed prior to the freeze, the total gross rc.t.urns €or 
the 1932 crop were $71,,366,164. lking these figures a s  
a basis, t:his would indicat,e B loss to the industry of inore 
than $12,OOO,OOO. If this $12,000,000 had been equil- 
ably distributed among all the growers of citrus fruits, 
the strtiin would not have been great. As n matter of 
fact., however, rowers who protected their crops, and 

unusually large returns, while man others received 

1922 crop was P arger t,han t.he 1921 crop, and tlie fruit \viis 

those located w f iere the cold was not so severe, received 

not.hing. The loss bo the count,ry a t  ? arge, based on t,be 

delivered value of the crop, was $32,437,574. Damage 
to trees was extensive, hut the loss from tshis source 1 
difficult to estimate. (Fie. 3.) 

In  an application made %y transcont.inental railroads to 
the Interstate Commerce commission for ermission to 

at Toleco, Ohio, to southern California, the railroa 7 s 
the frei h t  rate on orchard heaters from the facto 

pointed out that the 1922 freeze had reduced the size of 
the crop shipped by nearly 20,000 cars, or about $10,000,- 
000 ross rerenue. It is estimated that the reduction, 
whic% was granted, saved about $40,000 in freight charges 
on the year's supply of new heaters. The railroads were 
willing to donate this amount to encourage the use of 
orchard heaters in southern California. 

grant a reduction from $2.33 to $1 per hun i; redweight in 

gi 

ORCHARD BEATING. 

The freeze had one redeeming feature, in that it demon- 
strated conclusively that citrus trees a.nd fruit in southern 
Cnlifornia can be saved from damage during estrerne con- 
dibions of low teniperature, .provided the frost-figh ting 
equipment is adequate and is efficiently handled. Nu- 
inerous proofs of t.his fact were obtainable after the freeze, 
but only one will be mentioned here, since in t.liis case the 
writer was present on the ground during all the cold 
nights and carefully checked all the data. (See figs. 4-7.) 

Ahout, two months rior to the freeze two temperature 

ing t,he amount of temperature rise that could be obtained 
w1t.h a given nuniher of orchard heaters to the acre. One 
station was placed in an orchard equipped wit,h fifty 7- 
gull011 oil-Liirning orcliard heaters to tlie awe. The 
otlicr was placed in an adjoining orange grove which 
was not equipped with heaters, ahout one-f0urt.h mile 
clist.ant. 1Tininium temperatures a t  the station in t,he 
fired orchard were consistently about 1' F. higher than 
at. t.he c.heck station on nights with limht frosts, but on 
the night of the lCJtli-20t.Ii there was Tittle t,eniperature 
inversion and t,emperatm.es at  nearly all stations in the 
siinie general loc.r:lit,p ran nbout t,he same. Temperatures 
n t  thest? two stat,ions were practically identical on the 
evening of t.he 1 Wh, up to t.he time the heaters were 
5ght.ed. 

The n.ctua.1 t,eniperature records secured at t-hese two 
stations, using specid 29-hour t,hermographs, carefully 
checked at  int,ervnls of about 15 minutes t,hroughout most 
of the night, me shown herewith. 
t,emperature station in the fired rove was paced as far 
from ~ ,ny  orchard heater as possi -f le. 

Due to tho mild season and the late date at which the 
freeze hegm. the owner of t,he fired orchard had allowed 
the oil siippl-v in his storage tanks to become depleted, 
so t.hab he had no oil ttvdiible for rnfilling his heaters 
when they burned out in t,he morning, at tlie t,inie t.he 
outside tern ier,i.tm'e was rtt about its lowests point. 

left with onljr one-hdf his heaters burning. Notmith- 
standing this frtct., only 4.5 per cent of the fruit in the 
fired grove >rovrd to he unmarketable because of frost 
damage. d e  trees were not injured, and mal: 
undtminged ormw buds and blossoms were foun c f  on fresh, the 
following day. ?n the unfired orchard, where tlie check 
teiiiperature station was located, the crop WRS a total 
loss, the trees wore defoliated, and there was some 
cracking of the bark on large brmches. 

The numerous examples of the value of orchard heat- 
ing served to increase the inter& in frost prot.ect.ion. 
Heaters were purchased to equip thousands of acres of 

stations had been esta r3 lished for the purpose of determin- 

'Fk 8- )  The 

During the t.-iree ! ' ,  or - four coldest hours of the night he was 


